Abstract: An internationally acknowledged requirement is to analyze and provide technical
Introduction

29
The risk of injuries related to the use of agricultural machinery has always been of primary 
32
The aim of this work focuses on the needs, recognized at national and European level, to 33 provide technical solutions [8,9,10,11,12,13] against the risk of crushing, catching and cutting during 34 the use of self-propelled or towed manure spreaders. These are agricultural machines used to 35 distribute manure or other materials over a field. Their use is fairly widespread in livestock farms, 36 but it could be even more widespread in the future because of climate change that may require more 37 organic matter inputs to the soil over vast areas of the globe [14, 15, 16] .
38
Specific sector studies and surveys [17, 18, 19, 20, 21] identified particular constructive critical 39 issues on some machines currently in the market and/or already in use that involve the 40 above-mentioned risks and determine the occurrence of a significant number of serious or fatal 41 accidents.
42
The technical standards in force concerning this type of machine or the risks arising from its use 
Materials and Methods
78
At the aim of select the best solution in terms of risk reduction, the SWOT analysis (Strengths, 
81
The SWOT analysis is a support analysis that responds to a need for rationalization of 82 decision-making processes. In practice this type of study is a logical process, originally used in 83 business economics and then applied to other areas, which makes it possible to make systematic and 84 useful information collected about a specific theme. The amount of data collected with this system is 85 crucial to outline the policies and lines of action that result from enhancing strengths and reducing 86 weaknesses in the light of the opportunities and risks that normally arise from the external situation.
87
The advantages of this analysis are: depth analysis of the context in the definition of strategies; 88 verification of matching between strategy and needs improves effectiveness; it allows for consensus 89 on the strategies (if all parties involved in the intervention participate in the analysis); flexibility.
90
The disadvantages of this analysis are: the risk of subjective procedures by the evaluation team 91 in the selection of the actions; can describe reality in a way too simplistic; if there is no implementation in a context of partnership there is a risk of discrepancy between a pragmatic scientific and political plan.
From a mechatronic point of view, the decoupler consists of a magneto-mechanical mechanism that 96 prevents motion to all moving parts of the wagon if the machine is not in motion. The reset of the 97 movement is possible via a hold-to-run control applied in a secure area of the wagon itself.
98
The basic elements of the system are:
99
• wagon wheel movement detectors (wheels);
• a motor disengagement device (clutch);
101
• a torque limiter to limit the torque during overloads;
102
• a programmable logic controller (PLC);
103
• a man-made command for manual resetting of conveyor and distributor systems, located in a Table 1 . 
131
Strengths Weaknesses
Working organs stopped during cleaning and maintenance operations.
High component costs. High installation, assembly and setup costs. Possibility of a manual reset in a safe area.
Necessity of regulatory transposition and any objections by manufacturers. Possibility to break the movements of the working bodies with the aid of the tractor hydraulics.
Difficulties in adapting machines already on the market and in use.
Flow solenoid valve that facilitates the adjustment of the speed of the conveyor belts.
Not easily adaptable by small/middle builders.
The rotating sensor detects the wagon's motion.
Need to adjust the speed of the conveyor belt.
Minor space displacement in case of downstream positioning of the clutch.
Possible malfunctions and / or breaks of the various components.
Possibility to break the movements of the two transmission organs.
With clutch located downstream of the hydraulic unit, provide a stop mechanism for conveyor belts (risk of injury of the lower limbs if the chains remain in motion). Electromagnetic clutches that can be powered by the electric voltage (12 V) of the tractor.
Requirements of a separate hydraulic circuit if hydraulic clutches are used.
Less expensive, less bulky and easier to install and integrate electromagnetic clutch.
Low availability of 12V clutches.
Separate tractor/wagon hydraulic circuits.
The need for a torque limiter.
Difficult system inactivation. The need for a programmable logic controller (PLC). Possible conflicts with electronic regulation systems. Not easily inserted in the ISOBUS technology.
Opportunities Threats
Robust, durable and reliable system. Procedural distortion in the production line.
Polyfunctional system for other types of machines (e.g. round baler that, together with manual reset, must only engage the machine when it is in motion).
Request for specialized technical personnel.
Improved safety.
Possible rearmament of the system with the help of a second person or thing that keeps inserted the old-to-run control. Possible rearming of the motion of the working bodies by means of hold-to-run control.
High risks if the movements are not disrupted. 
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When the sensor no longer detects the metal surface on the drum for a time less than or equal to 147 6 seconds, the system activates the blinking and deactivates the output to release the movement of mounted on the tractor PTO ( Figure 4) ; Consequently, the microprocessor determines the disengagement of the multidisc clutch as a result of the internal pressure loss of the decoupler generated by the electric pump and thus allows decoupling transmission to the manure spreader 152 that stops while the tractor PTO continues to be active.
154
Figure 4. Sensor on PTO.
156
In order to prevent the motion transmission in case of failure of connecting to the 12 V power 157 supply, the used clutch is of the "normally open" type.
158
In this way, the manure spreading organs, located behind the chassis on which the decoupling 159 device is mounted, are no longer connected to the power take off and rotate to neutral until they are 160 stopped in a short time.
161
A series of field trials showed an average time of stop of the rotors equal to 12 seconds (Table 3) . 
165
As soon as the manure spreader connected to the tractor run again, the sensors, specifically the 166 ones on the wheel's drum, resume signaling, thus resulting in the rearm of the multidisc clutch and 167 then the working bodies resume the motion.
168
As said before, the system is also equipped with a hold-to-run control which allows to engage 169 or disengage the clutch when the operator has the need to intervene at a standstill. The command must be positioned at a safe distance from the working organs and in the position which allows good visibility of the danger zones.
the technical characteristics of the prototype device installed on the wagon used for the tests are
173
given in Table 4 . 
177
The prototype decoupler has the possibility to be applied to various models of manure 178 spreader: the only technical trick that needs to be adopted is to change the internal solenoid valve 179 pressure. The tested prototype, built according to the power absorbed by the machine (60 kW), had 180 an operating pressure of 15 bar.
181
Depending on the absorbed power, the pressure must be adjusted according to the following 182 values:
183
• absorbed power 60 kW → operating pressure 15 bar;
• absorbed power 74 kW → operating pressure 20 bar;
• absorbed power 88 kW → operating pressure 30 bar.
Discussion
The tested mechatronic system would be the most effective and safe as far as the safety of the moving organs.
account the considerable additional cost that this device would entail for the manufacturers of such machines, which would in some cases raise the sales prices (and hence the purchasing cost for 194 consumers) with a possible drop in sales.
195
In addition, given the complexity of designing and implementing the system, it is likely that 196 there will be a wide dissent from manufacturers, which would probably be opposed to the proposal 197 for adapting the technical standard relating to the safety of manure spreader wagons.
wagons and therefore of the decoupling system, to adapt and put in safety the machinery fleet 200 present throughout the European territory.
201
To date, the field-tested decoupler is the best solution to overcome the major problems that 
